ABSTRACT : Effects of alpha-galactosidase (GAL) on broiler corn-soybean meal diet was investigated. In experiment 1, sixty cockerels were allocated to five groups, including three enzyme treatments (GAL added at 0, 500, and 1,000 mg/kg diet), a nitrogen-free diet group and a fast group. The true nitrogen-corrected ME (TME n ) and true amino acid availability were determined. In experiment 2, 324 day-old chicks were used in a 2×3 factorial design consisting of two energy contents (high and low) and three GAL levels (0, 250, and 500 mg/kg). Three feeding phases, comprising 0-21 d, 22-35 d and 36-48 d, were involved. GAL addition improved TME n and the availability of methionine and cystine (p<0.05). The apparent ME (AME) or nitrogen-corrected AME (AME n ) and digestibility of dry matter, organic matter, calcium, and phosphorus were improved significantly on d 21, so was crude protein and an interaction of energy and GAL on AME n (p<0.05) was found on d 35. However, daily intake and daily gain were significantly improved with GAL addition (p<0.05) during 21 d. The small intestine relative weight decreased at 250 mg/kg GAL (p<0.05) on d 35, whereas presented an interaction between GAL and energy on d 21 (p<0.05). Likewise, this treatment increased breast muscle ratio (p<0.05). On d 21, triglycerides level of broilers showed interaction between energy and enzyme levels (p<0.05). Uric acid level in 500 mg/kg GAL declined linearly (p<0.05). On d 35, quadratic effects (p<0.05) were observed in total protein, albumin, globulin and cholesterol content for enzyme supplementation. And the interactive effects of energy and GAL on serum values showed more obviously. The study implies that GAL improved energy and nutrient availability of corn-soybean meal diet in broiler. The GAL supplementation to corn-soybean meal based diet can improve performance of broilers in early stages of growth. (Asian-Aust.
INTRODUCTION
Rations based on corn and soybean meal (SBM) are commonly used in poultry for their high available energy and protein. However, some poly-and oligo-saccharides present in the feedstuffs are indigestible to monogastric animals (Iji and Tivey, 1998; Zhang et al., 2001; Park et al., 2003; Selle et al., 2003; Shim et al., 2004) . Of these saccharides, the α-galactosidic oligosaccharides, such as raffinose, stachyose, verbascose and other α-galactosyl compounds, have received attention as potential antinutritional factors (Coon et al., 1990; Leske et al., 1995) . Soybean meal contains 4.00-7.67% sucrose, 0.67-0.94% raffinose, 2.96-4.14% stachyose and trace amounts of verbascose (Kennedy et al., 1985) . There is also about 0.3% raffinose and 1.5% sucrose in corn. Differences in their content and spectrum may be due to variety, cultivar, harvest time or climate (Kuo et al., 1988; Saini, 1989) . Moreover, a few pectin and galactomannans substances containing α-galactosyl bonds also exist (Hartwig et al., 1997) .
These compounds are heat stable and cannot be eliminated during processing. Poultry lack endogenous enzymes targeting α-1, 6-galactosyl bonds to digest them (Pluske and Linkemann, 1998) . Especially, the α-galactosides have been implicated in reducing energy utilization, fiber digestion and feed retention in SBM-fed chicks (Coon et al., 1990) , producing osmotic catharsis (Wagner et al., 1976) and flatus in man (Calloway et al., 1966) and animals (Leske et al., 1999) . Hereby, substantial amounts of oligosaccharides present in diets may affect the nutrient digestibility and growth of broilers.
Various extraction methods and autolysis have been employed in the removal of the α-galactosides (Angel et al., 1988; Leske et al., 1993) . However, these techniques are usually expensive and time consuming. Applying an exogenous enzyme preparation, mainly composed of α-1, 6-galactosidase, is an alternative to alleviate the detrimental effects of the saccharides, (Sugimoto and Van Buren, 1970; Pan et al., 2002) . Therefore, this study was conducted to evaluate whether the α-galactosidase preparation improves the bioavailability of energy and nutrients of corn-soybean meal diets, and to investigate the interaction between dietary energy contents and the enzyme by broiler metabolic and performance tests.
MATERIALS AND METHODS

Alpha-galactosidase preparation
The α-galactosidase (GAL) supplement was originally bio-synthesized by Penicillium janczewskii (Chinese General Microbiological Culture Central No. 0668) in solid-state fermentation. The primary active enzyme in this product was α-1, 6-galactosidase (E.C. 3.2.1.22). Enzyme activity added to the diets was analyzed. The final enzyme product, which provided 90.2 U/g of enzyme activity, was pilot-scale produced in ZhongnongBote Biotechnology Company (Beijing, China) . One unit of α-galactosidase activity is the amount of enzyme that released one µmol of p-nitrophenol per minute from p-nitrophenyl-α-D-galactopyranoside within 10 min at 40°C and pH 5.5. Minor other hemicellulase and cellulase activities were also residual in the compounds.
Bird assays
Experiment 1 : Sixty intact Arbor Acres male broilers, averaging 2.2±0.1 kg, were used to determine ME and amino acid digestibility of corn-soybean meal added by GAL. The birds were housed in individual wire cages (50.3 cm×45.0 cm×37.2 cm), keeping the room temperature at 19-22°C. Before week of the test, all the birds were surgically sutured at the cloacae with a bottle to collect excreta. Thirty-six cockerels were assigned to three dietary treatments, with six replicate pens per treatment and two birds in each pen. Three dietary treatments comprised cornsoybean meal based diets (Table 1. ) supplemented with GAL (0, 500, and 1,000 mg/kg diet). An additional 12 birds were fed nitrogen-free diet (Table 1.) while another 12 birds were fasted for a 48 h period in order to determine endogenous secretions of nitrogen and energy, respectively. Any feed was withdrawn from all birds for 48 h to ensure no diet residual in the gastrointestinal tract. These birds were precision-fed 40 g of tested diets or the nitrogen-free diet by gavage. The twelve fasted birds were starved continuously for another 48 h. Water was available ad libitum during this period.
Experiment 2 : A total of 324 day-old Avian male broilers, weighing 39.6±0.65 g, were wing-banded and assigned in completely randomized design into six treatments with six replicate pens of nine birds each. A 2×3 factorial design consisted of two ME content (high and low) and three supplemental levels of GAL (0, 250, and 500 mg/kg). GAL was mixed in the premix before complete formulation. The experiment was divided into three phases, with each phase having two energy levels (about 100-150 kcal/kg of discrepancy, Table 2 ). The diets, based on corn and soybean meal, were formulated to meet Feeding Standard of Chicken in 
Metabolic tests
In experiment 1, Excreta from each pen were collected for 48 h, and pooled to gain adequate sample size. The excreta were dried in a forced-draft oven at 65°C, equilibrated at ambient temperature for 24 h, and ground through 40-mesh sieve, were kept in sealed bag for analysis. The nitrogen-corrected metabolizable energy (ME n ), including the apparent ME n (AME n ), true ME n (TME n ), and true amino acid availability (TAAA) were calculated (Sibbald, 1979) . In experiment 2, feed consumptions of the birds were recorded accurately between d 18 to 21 and d 33 to 35. Excreta from each pen were collected by placing a tray, fitted with nylon paper beneath the pen. They were weighed, homogenized and a 250 g sample dried for further analysis. The apparent ME (AME), AME n , and apparent digestibility of DM, organic matter (OM), CP, calcium, and total phosphorous were calculated.
Chemical analysis
DM, OM, CP, calcium, and phosphorus in feed and excreta were analyzed according to AOAC (1995) . Gross energy of diet and excreta were assayed in adiabatic oxygen bomb calorimeter (Automatic Energy Analyzer PARR 1281, Moline, IL.). Majority of AA were hydrolyzed by 6 mol/L hydrochloric acid at 110°C for 22 h, and measured with ionexchange chromatography by an automatic amino acid analyzer (Shimadzu L-8800, Kyoto, Japan.), while methionine and cystine were treated with the mixture of 88% formic acid and 30% hydrogen peroxide (9:1 of volumetric ratio) prior to above-mentioned acid hydrolysis.
Bleeding and slaughter
On d 21 and 35, three chick was selected randomly from each replicate pen, blood taken by heart penetration with vacuum injector, and then euthanized by cervical dislocation. Broilers were eviscerated manually to take crop, gizzard, intestine, and immune organ such as thymus, spleen and Fabricius's bursa. The crop and gizzard were emptied and weighed. The small intestine including duodenum, jejunum and ileum was voided for determination of total weight. The immune organs were also weighted after drying by filter paper blotting. Relative organ weight was expressed as the ratio of the organ weight to the live body weight of the bird.
At the end of the feeding, six broilers per treatment were slaughtered by severing the jugular vein. Breast muscle, leg muscle and abdominal fat were dissected and weighted immediately. The proportion of the muscle or fat to the body weight of the bird was calculated.
Serum biochemical indices
Blood samples were centrifuged at 2,500 rpm for 15 min to separate serum. The samples were labeled and stored at -20°C until analysis. The serum indices, including total protein, albumin, globulin, triglycerides, uric acid, total cholesterol and glucose, were assayed by an automatic biochemical analyzer (TECHNICON RA-1000, Bayer Corporation, Diagnostics Division, NY.) with commercial reagent kits (Zhongsheng Beikong Bio-Technology and Science, Inc. Beijing, China.)
Statistical analyses
Data were analyzed by ANOVA and multivariate analysis of the General Linear Model Procedure of the SPSS system (SPSS Inc., 1998). For experiment 2, a factorial analysis was also conducted with the factors in the model being energy content, enzyme level, and their interactions. The differences among means were compared by Duncan's multiple-range test (Duncan, 1955) .
RESULTS
ME and nutrient digestion
In experiment 1 (Table 3) , the GAL addition to the corn- SBM diets improved TME n significantly (a linear effect, p<0.01). Compared to the control, TME n increased by 4.8% and 6.1%, respectively, when 500 mg/kg and 1,000 mg/kg GAL was added. As for TAAA, the enzyme addition did not influence most of the TAAA except for the two sulfur amino acids. The availability of methionine and cystine showed a linear increase (p<0.01) due to enzyme supplementation.
The results in experiment 2 were summarized in Table 5 . The AME and AME n of the broilers fed a high energy content diet were greater than those of a low energy diet (p<0.10) for two stages. Similar trends were found in the CP at stage 2, but CP and phosphorus digestibility on stage 1 increased (p<0.05). At stage 1, there were quadratic effects (p<0.05) of GAL addition, especially 250 mg/kg, which significantly enhanced AME, AME n and some nutrient digestibility except CP. At stage 2, it was found that CP digestibility (a linear effect, p<0.01) increased at the 500 mg/kg GAL addition. An interaction on phosphorus digestibility (p = 0.011) was also detected.
Performance
The effects of energy and GAL supplementation on growth performance of broilers fed dietary treatments were presented in Table 4 . The obvious effects occurred before 21 d of feeding period. GAL supplementation linearly improved BW, ADFI and ADG (p<0.01). The high energy diets notably improved BW of 21 d (p<0.05), and had a increasing daily intake and gain (p<0.08). No effects of GAL or energy on performance were observed during other stages of the trial.
The partial processing traits were also measured at the end of the feeding (Table 7) . It implicated that GAL supplemented in diets improved the breast muscle proportion in live BW of broilers (quadratic, p<0.05), especially at 250 mg/kg.
Serum parameters
The serum biochemical indices are shown in Table 6 . 2 Standard error of the α-galactosidase-effect means.
On 21-d, triglycerides level of broilers fed high energy diet increased significantly (p<0.05), and showed an interaction with enzyme levels (p<0.05). Whereas uric acid level in 500 mg/kg GAL addition decreased compared to the other two (linear, p<0.05). On 35-d, no differences among groups occurred to energy effect. For enzyme addition, quadratic effects (p<0.05) were observed in total protein, albumin, globulin and cholesterol content, and the 250 mg/kg treatments showed increases (p<0.05). Along with the similar pattern, there also indicated evident interactions (p<0.05) of energy by GAL for these indices besides glucose.
Organ weight
The relative weights of various visceral organs were listed in Table 8 . As for enzyme effect, the relative weight of small intestine at d 35 decreased in chickens fed 250 mg/kg GAL compared with the control, but the gizzard weight in 500 mg/kg increased significantly (p<0.05). From the two periods, no difference was found between two energy levels, but the intestine relative weight showed significant interaction of energy and GAL (p<0.05). At d 21, the relative weight of thymus and spleen in 250 mg/kg GAL had numerical increase.
DISCUSSION
As primary energy and protein sources met in poultry diets, corn and SBM should exert their potential at best to afford animal energy and digestible nutrients. However, few special enzymes for corn-soybean meal diet are available to improve their nutrient values. Previous researches have indicated that GAL may contribute to the objective. Alphagalactosidase preparations have been successfully applied to corn-soybean meal diets in birds (Knap et al., 1996; Kidd et al., 2001a) , but the reports on GAL to improve nutrient availability were inconsistent. Ghazi et al. (1997a) reported that GAL increased nitrogen retention and TME of SBM. Irish et al. (1995) indicated no improvement in the nutritive value of SBM for broilers under thermoneutral conditions. Our study found GAL significantly increased the TME n and TAAA of methionine and cystine. Methionine is recognized as the first limit essential amino acid of poultry, so its high availability may benefit poultry growth performance. GAL tends to improve the apparent digestibility of most of nutrients to certain extent in early growing stage (before 21 d). But the CP digestibility is not so high as other reported (Ghazi et al., 1997b) , as the value was calculated without correction of uric acid excretion. Low α-galactosides SBM diet resulted in greater protein utilization and amino acid availability (Leske et al., 1995) . By adding GAL to corn and legume diets, the α-1, 6-galactosidic linkages will be degraded into sucrose and galactose, and consequently their detrimental effects will be removed (Brenes et al., 1993a, b) . Meanwhile, the α-galactosidic saccharides may be utilized to provide partial energy. The present research showed notable improvement to GAL in early growth performance of chicks, but no interactions between energy and GAL. So the GAL action is inappreciable to compensate the vacant energy in SBM diet. Conceivably, the energy content of diet must be kept in a suitable level; otherwise, the GAL addition may give no effect. Our result of improving breast meat yield agreed with that of Lamptey et al. (2001) . But Kidd et al. (2001b) demonstrated that diets containing GAL have no effect on carcass yield or breast meat yield. This discrepancy may be due to the different GAL characterization and rearing environment.
Alpha-galactosidase supplemented in SBM-based diet has been verified significant improvement on energy bioavailability, feed conversion ratio and weight gain of broilers (Pubols, 1993; Knap et al., 1996) . Kidd et al. (2001a) also reported that Broilers fed diets supplemented with GAL improved energy utility of SBM and feed conversion at warm and thermoneutral environment. But Igbasan et al. (1997) observed no obvious growth response to GAL supplementation.
On the other hand, application of GAL combined with pectinase or protease may be more effective (Brenes et al., 1993a; Igbasan et al., 1997) . But their experiments used a high inclusion of lupin or pea in diet for the chickens at d 21. Ghazi et al. (1997b) reported that GAL interacted with protease in SBM diet, but GAL had a more marked effect on TME n than did protease treatment. GAL supplemented in SBM semi-purified diets from 7-28 d had a linear effect on weight gains in chickens. The improvement of meat yield may be interpreted by the utilization of nutrients liberated from the non-digestible compounds of corn and soybean meal diet with α-galactosidase (Fontana et al., 2001) . From a nutritional viewpoint, the protein or amino acids liberation induced by GAL would have a sparing effect on supplemented levels of proteins and crystalline amino acid, which would decrease the cost of poultry diets.
The relative intestinal length and gizzard weight were reduced by enzyme treatment (Brenes et al., 1993a) . As expected, alimentary canal turning thin may be beneficial to nutrient absorption. Our study indicated the similar results. It was found the relative intestine weight decreased significantly at 250 mg/kg GAL. But Kim et al. (2004) suggested that the length or weight of small intestine in early-weaned pigs was not affected by the enzyme addition to corn-SBM based diet. Cellular and humoral immunity had been evaluated (Kidd et al., 2001a, b) , which implied continuous ingestion of GAL may stimulate immune response.
To date, no experiments have detected the changes of serum biochemical indices in broilers fed α-galactosidase. These values can be sensitive to reflect the status health and nutrient metabolism. GAL fed to broilers possibly ameliorated their immune function. The concentration of triglycerides on 21 d increased in high energy group, resulting from high energy easily causing fat deposit. Accelerating nitrogen retention in poultry body leads to descending uric acid excretion. Dietary GAL indicated an accumulative efficacy since the effects of GAL interaction appeared more markedly on d 35. It is speculated the enhancive globulin level may be indicative a reinforced immune status of the enzyme fed birds, though immune organ weight did not show any differences among treatments. The specific mechanism will be investigated further.
In conclusion, alpha-galactosidase preparation may be taken as a promising feed additive in corn-soybean meal diets of broilers with appropriate energy level. Research in progress should be addressed in view of different nutrient density and supplemental dose in practice.
